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Abstract—In this paper, the operation of high-frequency-fed 
AC-DC converters with different types of DC-DC topologies is 
presented. Based on the commonly used DC-DC converter 
topologies, the possibilities of new converter structure are 
investigated. Using buck and ZETA topologies as examples, the 
output voltage gain, output load range and switch stress of the 
converters are analytically studied. Both converter 
implementation examples will be given and experimentally 
demonstrated. 
Keywords—DC-DC Converter, High Frequency Fed AC-DC 
Converter, Wireless Power Transfer 
I.  INTRODUCTION 
Modern society is facing a pressing need for efficient and 
flexible power distribution solutions. Specifically in the 
drilling or mining industrial sites, subsea or outside earth’s 
exploration, etc. The dirt, moisture, oil and mud make the 
installation of electric power supply or power cable to the 
equipment very complicated or not even possible. In some 
extremely dangerous environments such as chemical plant and 
nuclear reactors, human jobs are replaced by autonomous 
machines and robots. Under this context, wireless power 
technology (WPT) could offer a reliable, flexible and cost-
effective solution [1-4]. Electrical energy can be distributed 
throughout the wireless high-frequency AC (WHFAC) power 
distribution system providing continuous power to the 
equipment or charging their internal batteries.  
Intensive research has been devoted to investigate the 
fundamental theory and electrical characteristics, 
transmitting/receiving coils design to achieve maximum 
power or maximum efficiency [5]. In 2008, short-range 
wireless charging technology for portable electronic devices 
has reached commercialization stage through the launch for 
the “Qi” Standard by the Wireless Power Consortium [6]. 
Medium power (several kW) wireless charging development 
kit is available for electric vehicle (EV) or hybrid electric 
vehicle (HEV) demonstrating the future park-and-charge 
system for EV or HEV [4]. To response to the growing need 
for more flexible and efficient power distributions, the frontier 
researchers have chosen to take part in the mid-range WPT 
technology to investigate the receiver side load monitoring 
and control [7], multi-dimensional Omnidirectional transmitter 
coil design [8] and multiple receiver operation [9]. 
Recently, a new converter topology for high-frequency-fed 
AC-DC conversion is proposed in [10]. Instead of using 
conventional current shaping method forcing the input current 
to follow the sinusoidal input voltage, this new converter uses 
resonant technique to eliminate the need of high frequency 
switching (> MHz). As a result, it reduces a number of 
problems arising from the passive and active components 
operating in the high frequency such as unwanted stray and 
parasitic elements, undesired coupling between neighboring 
components, etc. In this paper, we attempt to generalize this 
new approach and investigate new circuit configurations for 
high-frequency-fed AC-DC conversion. Firstly, we will 
briefly review the basic theory and operating principle of the 
converter. Secondly, we will perform a topological analysis to 
explore the variation of the circuit configuration. Commonly 
used converter topologies such as buck, boost, buck-boost, 
ZETA, Cuk and SEPIC will be evaluated. Then, the electrical 
characteristics of the new converter configuration will be 
explicitly studied. Lastly, the prototypes are built and 
theoretical analysis is verified by experimental results. Their 
performance and limitations will be summarized. 
II. OPERATING PRINCIPLE OF THE HIGH-FREQUENCY-FED 
AC-DC CONVERTER 
 
Fig. 1. The schematic of the newly proposed high-frequency-fed AC-DC 
converter. 
The newly proposed high-frequency-fed AC-DC converter 
has two stages: power factor correction (PFC) stage and DC-
DC regulation stage (See Fig. 1). In the PFC stage, the source 
current is firstly rectified by the diode bridge rectifier. The 
output of the rectifier is connected to two switched LC 
resonant circuits. In the positive half-cycle, diode D1, D4 and 
switch S1 are conducted. Inductor Lr1 and capacitor Cr1 form a 
resonant circuit shaping the source current closely sinusoidal 
and following the source voltage. The voltage of Cr1 is 
charged from its initial value to a certain level and energy is 
stored. At the end of the positive half-cycle, D1, D4 and S1 are 
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commutated off naturally. Afterwards, S3 is conducted. The 
energy stored in the capacitor Cr1 is transferred to the DC-DC 
regulation stage. Similarly, D2, D3 and S2 are conducted in the 
negative half-cycle. Energy is stored in the resonant capacitor 
Cr2. The conduction of S4 transfers the energy from the PFC 
stage to the regulation stage. With the proper selection of the 
characteristic impedance of resonant tank, the converter is able 
to perform the function of a buck, boost or buck-boost 
converter. The initial voltage across the resonant capacitor is 
used to control the output voltage or power of the AC-DC 
converter.  
III. POSSIBILITIES OF NEW CONVERTER STRUCTURE 
Fig. 2 shows a conceptual diagram of the high-frequency-
fed AC-DC power converter. It is important to note that the 
regulation stage can be implemented by using enormous basic 
converter topologies. With several inseparably associated and 
interconnected switched circuits, it would be interesting to 
study their new characteristics and investigate their further 
uses,  and benefits.  
Power Factor 
Correction 
(PFC) Stage
DC-DC 
Regulation 
stage
Load
High 
frequency 
input
High-frequency-fed AC-DC Converter
 
Fig. 2. Conceptual diagram of the newly proposed high-frequency-fed AC-DC 
converter. 
To facilitate this investigation, we categorize the inductor 
based DC-DC converter topologies into three types as shown 
in Fig. 3. Type A topologies are the converters have input 
inductor connected in parallel with the input source. Typical 
examples are buck-boost and ZETA converters. Type B 
topologies are the converters have input inductor connected in 
series with the input source. Boost, Cuk and SEPIC converters 
are classified as Type B. Converter without input inductor 
such as buck converter is belonged to Type C. The converter 
topologies and their association with the PFC stage resonant 
capacitors are also shown in Fig. 3. To maintain the simplicity 
of the circuit analysis, the converter topologies are assumed to 
be operated in the continuous conduction mode. 
Consider now a Type A topology is connected with the 
PFC stage. The switches S3 and S4 are turned-on alternatively 
at the end of each half-cycle to deliver energy to the inductor 
in the regulation stage. It can be observed that the voltage 
across the resonant capacitors can be discharged to either a 
positive value, zero or negative value depending on the on-
time of the switch. By adjusting the initial voltage of the 
resonant capacitor, the output voltage or power of the AC-DC 
converter can be controlled. In [10], the proposed high-
frequency-fed AC-DC converter uses a buck-boost topology 
as the DC-DC regulation stage. Similar converter topology 
such as ZETA converter can also be applied in this application. 
 
 
Buck-Boost
ZETA  
 
Buck  
 
 
Type A Type B Type C 
Fig. 3. Classification of the DC-DC converter topologies and their association 
with the high-frequency-fed AC-DC converter. 
In Type B topology, the converter has an input inductor 
which is connected between the PFC and regulation stage. It is 
important to note that there is no path for the current in 
returning to the inductor when both switches S3 and S4 are 
opened. Practically, dead-time is necessary to prevent the 
short circuit of the resonant capacitors. DC-DC converters 
with similar topology such as boost, Cuk and SEPIC 
converters will have the same commutation problem. 
Consequently, they are not recommended in this application.  
Converter topologies do not have input inductor are 
belonged to Type C. A buck converter has an inductor at the 
output and a freewheeling diode is connected across the input. 
Thus, the freewheeling diode provides a smooth continuous 
current path for the inductive current. Although type C 
topology does not have commutation problem, the initial 
voltage across the resonant capacitor can only be positive. The 
initial voltage across the resonant capacitor plays an important 
role in the control of output voltage and power of converter.  
This implies that the output voltage gain and output load range 
of the converter will be affected. 
IV. CIRCUIT ANALYSIS 
Based on the buck-boost topology, the operating principle 
of the high-frequency-fed AC-DC converter has been studied 
in the prior work [10]. In this section, the focus of the analysis 
will be on ZETA and buck topologies.  
A. AC-DC converter using ZETA topology 
With timing diagram and equivalent circuits shown in Fig. 
4, the operating principle of high-frequency-fed AC-DC 
converter with ZETA topology is split into four modes. 
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Fig. 4. Converter with ZETA topology (a) Key waveform; (b)-(e) equivalent 
circuits of Mode 1~4.  
Mode 1 (t0<t<t1): At the beginning of the positive cycle, 
the switches S1 and S4 are turned on in the PFC stage. When 
the instantaneous AC voltage is higher than the initial voltage 
across the resonant capacitor Cr1, the AC current will flow 
through the series resonant circuit formed by Lr1 and Cr1. A 
small delay angle may occur in between the current and 
voltage because of the reverse-biased diodes. The value of 
delay angle α depends on the initial voltage across the 
resonant capacitor (Vcr,min), and its relationship with the AC 
source voltage is given by (1).  
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Vcr,min could be a positive value at the very low power 
output. Thus, the input current distortion of the converter 
could be high. The value of Vcr,min becomes negative when the 
power output increases. As a result, α is negative value and the 
AC current is closely sinusoidal and following the AC voltage. 
After the delay time, Cr1 is being charged up by the AC source 
and the energy from the source is transferred to the Cr1. In the 
regulation stage, Cr2 acts as a DC voltage source. The resonant 
capacitor voltage Vcr2 decreases from its maximum value to 
minimum. The energy is transferred from the resonant 
capacitor to the regulation stage. 
Mode 2 (t1<t<t2): Cr1 is kept charging by the AC source to 
the maximum voltage level (VCr,max). In the regulation stage, 
the switch S4 is turned off. The current of the inductor L1 flows 
through diode D7, which is similar to the freewheeling stage of 
the conventional ZETA converter. 
Mode 3 (t2<t<t3) and Mode 4 (t3<t<tS): In the negative 
half cycle, S2, S3, Cr2 and Lr2 will be operated in the same 
sequence as S1, S4 and Cr1 and Lr1 in the positive half cycle. 
The duty cycle of S1 and S2 are fixed at 0.5. The duty cycle 
of S3 and S4, is controlled to regulate the output voltage or 
power for the load.  
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By observing the operating principle of the converter, the  
energy is transferred into the resonant capacitor in the first 
half-cycle. Then, energy will be deliver to the load in the next 
half-cycle. Assuming the converter is lossless, relationship 
between the energy stored in the resonant capacitor and the 
output load is shown in the following:  
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The voltage conversion ratio can then be expressed solved 
in the following equation: 
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To ensure normal operation of the converter, 
VCr,min+VC1,min must be larger than zero.  Otherwise, D7 will be 
conducted prior to turning off of the S4. Consequently, the 
duty cycle will be smaller than the expected value. The 
boundary condition of VCr,min is shown as follows:  
VCr,min > VCr,min* (4) 
where VCr,min* is the solution of  
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Equation (4) gives the minimum VCr,min for the AC-DC 
converter using ZETA topology. 
B. AC-DC converter using buck topology 
The high-frequency-fed AC-DC converter with buck 
topology and its equivalent circuit diagrams in the positive 
half cycle are shown in Fig. 5. The switching operation in the 
negative half cycle is the same as the positive half cycle 
except that the function of S1, S3, Cr1 and Lr1 are swapped with 
S2, S4, Cr2 and Lr2.  
The identical control strategy can be employed to adjust 
the duty cycle of the switches S3 and S4 to regulate the output 
voltage. However, VCr,min must be greater than zero to ensure 
D7 is not turned on before turning off S3 and S4. The boundary 
condition of VCr,min using buck topology is shown as follows:  
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Since α is small, it is valid to make the following 
assumptions that αα 2)2sin( = and 1)cos( =α . Equation (5) can 
be simplified into:  
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Fig. 5. Equivalent circuits of the converter with buck topology. 
V. PRACTICAL IMPLEMENTATION 
Two prototypes of High-Frequency-Fed AC-DC converter 
are built. We select CoolMOS as the switching devices 
because of low switching and conduction losses. To reduce the 
forward voltage drop and improve the switching action in the 
high frequency, SiC Schottky diodes are used. The 
specifications of inductors and capacitors are shown in Table I. 
The schematic of the converter with buck topology is shown 
in Fig.6 as an example. Fig 7 is a photo of the converter and 
experimental setup.  
TABLE I.  SPECIFICATIONS OF THE AC-DC CONVERTER 
 ZETA Buck 
Frequency (Hz) 400k 400k 
Vin (RMS) (V) 50 50 
Lr1,Lr2 (H) 33u 33u 
Cr1,Cr2 (F) 5n 5n 
L (H) 790u 430u 
CO (F) 15n 15n 
L1 (H) 460u N/A 
C1 (F) 15n N/A 
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Fig. 6. Schematic of the converter with buck topology.                   Fig. 7. Experimental setup.     
   
   (a)Key waveforms      (b) FFT of input current  
Fig. 8. Case 1 of ZETA topology: Vcr,min = -18.9V 
   
   (a)Key waveforms      (b) FFT of input current  
Fig. 9. Case 2 of ZETA topology: Vcr,min = 20.0V 
Two case studies on ZETA and buck topologies are 
performed to verify the operating principle of the proposed 
high-frequency-fed AC-DC converter. The key waveforms 
including input voltage, input current, resonant capacitor 
voltages and FFT of the input current are captured. Both 
positive and negative VCr,min are tested for ZETA topology as 
shown in Fig. 8 and Fig.9, respectively. Fig. 10 and 11 show 
similar tests performed on the buck topology with zero and 
positive VCr,min, respectively. Table II summarizes the 
performance of two converters. 
The operation of high-frequency-fed AC-DC converter 
with ZETA and buck topologies are confirmed by case study. 
It can be observed that both converters achieve low total 
harmonic distortion (THD) at the input current and 0.9 or 
above input power factor. A lower THD and higher PF can be 
obtained when VCr,min  is zero or negative. A proper selection 
of the value of resonant inductor and capacitor, the converter 
can be designed to operate with a negative or slightly positive 
VCr,min. Thus, high input power factor can be maintained in the 
normal output power range of the converter. The efficiency of 
the converter with buck topology is higher than ZETA. It is 
because ZETA topology has a higher switching loss than buck 
topology. This issue will be further elaborated in the Section 
VI performance comparisons of the switch stress. 
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(a)Key waveforms  
 
(b) FFT of input current  
Fig. 10. Case 1 of buck topology: Vcr,min = 0V 
 
(a)Key waveforms  
 
(b) FFT of input current 
Fig. 11. Case 2 of buck topology: Vcr,min = 18.4V 
 
 
 
 
TABLE II.  SUMMARY OF CASE STUDY 
Topology ZETA buck 
 Case 1 Case 2 Case 1 Case 2 
Vin,rms(V) 50 50 50 50 
Iin,rms(mA) 592.6 293.5 452.7 306.7 
Pin(W) 28.14 13.32 20.98 13.95 
Vcr,min(V) -18.9 20 0 18.4 
Vcr,max(V) 110.5 79.5 95.4 81.2 
RLoad(Ω) 320 320 80 80 
Vout(V) 80 56 37.1 30 
Pout(W) 20 9.8 17.21 11.25 
inO VV ˆ/ 1.13 0.79 0.52 0.42 
Power Factor  0.95 0.91 0.93 0.91 
Eff(%) 71.07 73.57 82.01 80.65 
VI. PERFORMANCE COMPARISONS 
In this section, a comparison of the high-frequency-fed 
AC-DC converters with ZETA and buck topologies is 
presented. The comparison includes the output voltage gain, 
output load range and switch stress. The experimental results 
show similar characteristics as the theoretical circuit analysis.    
A. Output Voltage Gain 
Fig. 12 depicts the output voltage gain for two AC-DC 
converter topologies. It is important to note that the 
experimental value is lower than the theoretical value. The 
difference between the experimental and theoretical results is 
mainly due to the power losses in the converter. In the 
theoretical circuit analysis, we assumes that  all the 
components are ideal and the converter is lossless. 
Furthermore, we can also observed that the gains of two 
converters are identical with the same VCr,min. It is because the 
output voltage gain is governed by equation (3). ZETA 
topology can step up the voltage because of the wide range of  
VCr,min. from positive to negative region.  However, buck 
topology can only operate in the positive region resulting in a 
lower output voltage gain than ZETA topology.  
B. Output Load Range 
The output load range of two AC-DC converters are 
examined. The result is plotted in Fig. 13. The maximum 
output power of the ZETA topology is almost two time of 
buck topology. This implies that ZETA topology has a wider 
dynamic output load range than buck topology. The difference 
on the output load range of two topologies is also due to the 
range of VCr,min. For buck topology, VCr,min has to be positive. 
In contrast, ZETA topology enables the value of VCr,min to be 
negative. Hence, more power from input can be delivered to 
the load through the resonant capacitors. ZETA topology is 
more suitable for dynamic load. Conversely, buck topology is 
more suitable for static load. The theoretical value is higher 
than the experimental measurement because of the power 
losses in the converter. Nevertheless, the behavior of 
individual topology are remain the same as the theoretical 
anticipation. 
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C. Switch Stress 
The equations to calculate the voltage and current stress of 
the switches S3 and S4 are summarized in Table III. Fig. 14 
shows the switch voltage and current stress at various output 
power. Let us considering two converters are operated at the 
same load condition. The switch stress is much lower for buck 
topology than ZETA topology. The switch voltage and current 
stress can reflect the power loss of a device. High current 
stress on the switch implies that high conduction loss. High 
switch voltage stress would substantially increase the 
switching loss of the device because of the charging and 
discharging of the device's junction capacitance in each 
switching cycle. The major sources of power losses in the 
converter are S3 and S4. In ZETA topology, the switching 
devices suffer from the high voltage and current stress. As a 
result, buck topology has higher conversion efficiency than 
ZETA topology as shown in Table II. 
TABLE III.  VOLTAGE AND CURRENT STRESS OF TWO TOPOLOGIES 
 Max. Voltage Max. Current 
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                (a)                      (b) 
Fig. 12. Output voltage gain for converters with (a) ZETA topology; (b) buck topology, where
rrCLRk /L= . 
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                (a)                      (b) 
Fig. 13. Output power for converters with (a) ZETA topology; (b) buck topology, where
rrCLRk /L= . 
   
                (a)                      (b) 
Fig. 14. Switch stress for two topologies with VO=36V (a) voltage stress; (b) current stress.  
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VII. DISCUSSION AND CONCLUSION 
This paper presents a study of high-frequency-fed AC-DC 
converter with different DC-DC topologies. Six conventional 
DC-DC topologies are categorized into three types according 
to the connection of the inductor. Topologies have series 
connected inductor at the input are regarded as infeasible 
solutions such as boost,  Cuk and Sepic topologies. Using 
ZETA and buck as examples, two feasible DC-DC topologies 
are analytically studied. ZETA topology has the advantage of 
wide dynamic load range. However, the converter may suffer 
from high power losses in the devices. The efficiency of using 
buck topology is high but the narrow dynamic load range of 
the converter,  which may only suitable for  the static load. 
Their key equations are included to explain the limitation of 
the converters. Converter prototypes are built for validation. 
Both converters achieve high power factor and low total 
harmonics distortion in the input current. The overall result of 
the comparisons are summarized in Table IV. 
TABLE IV.  COMPARISON OF DIFFERENT TOPOLOGIES 
 ZETA Buck 
Dynamic Range Wide Narrow 
Voltage Gain Less than 1 or greater than 1 Less than 1 
Power Level Low - Moderate Moderate - High
Switch Stress High Low  
Efficiency  Moderate High 
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